“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1991 


Analysis of chilled water free cooling at the 
Perimeter Center Office Park (Atlanta, Georgia). 


O'Neill, Kathleen 


Monterey, California. Naval Postgraduate School 


http://hdl.handle.net/10945/25666 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
uL D U DLE Y research materials and institutional publications created by the NPS community. 
dl ን Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
KN OX appointed — and published — scholarty author. 


| [1 LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 








http://www.nps.edu/library 


= 


em 


te Id eee er ED 4‏ یا منص پچ ben db TS en‏ سا نش La‏ + > لد 


> rs - ` x k 
ode L i e PRONTI De AA ee > a w ここ d 





E TY T å 7 V ED do tt を へ PS や Apr o el 

ያ Å d ternet Eeer TY r a A Ee 

a = vit Man. aeg rupi tug Eo 

a نا‎ も N ey A tv ki N O n ara ari rare Lar r rre e ai ーーーーーーー 

aa ami + AN TY LINT AAA SS A I وه‎ vi. Li や 

"© ® 0 + bu EET لس‎ TA LT dringen LL NEA Det en 
m» ^. = 


ቴ d > RE ete المد هي - ٩ه مع‎ Se سي‎ A مهم ه هم‎ H Q ORAN T 
På ad. a | rane 


















































































































































































































































































































TTY 4 RT TE db aa nn CTT Ee a CN 
. LIMA AYIA"! EZE ER E E EE A a è A Wh in tapet re 4. ۲ 
š wik M he マヤ マー ea ee L に 
. る し å AT Te ASA DUI El abesse E aaa a حو وه‎ 
H e n å E "d NX) A A AAA ee A 9። 88፡4. نه مو‎ tmm eet eines 
w a * ET ーー VT 
yo A i: ' ZN O A AO BER pe aan erh iron draga dcir rt 
C 4 ECO OE EE AT OD rs E rd 
“ d d. YY fra to perte dol dd lord duelo yayma 
d AL. キー A AA A UA AAA MAY AID. a nao e dl dt 
A kli Aaen A lh لل‎ ES 人 LEE LRU LL ب‎ 
a bi AI III WWW VOL U o, r o T o nn 
* N 站 
= > = i 站 
k መሙ. k ebd. に に OT پوه وقوو په و له و‎ Niena Rr ar DA o ae 
š ኤው v 4 Nr şe AYA Yİ PR LALA LA i u a 0a hh al LS 
+ c M 5: ጣዖ ssh, ME ew LIT PRA AAA Aa ere YA 
k a 2 Me. rr DETT LEN TETT EE KE pb pzy, aii pria や edn bla هم خی‎ ne Dm may ma rm te 
ጠሌ. ve EE هاو سومه 1 ده‎ E DD VERE Eo 
e. L LENE A ee By ts A MRAZ IRINA 
- سب‎ Mund UI ሙጨ. ኢሻክ. WË dd o mr en der ar as 
=, も 4。 hase AK で ee le İm a tee alien 
e ® a dt به‎ NEE Lera ki nl b 
a ` っ v i a PI 生か y ŠT N 
لوب‎ dea det è RL LL A Nr de at 
ር Lie, = eh e AE. ek d SE D AT に سرو سم موه مو وه روپ‎ 
İK » É "HE Pes ee % CDR A E ካለች ጃሎ de ው ባሁ ብው ሠ ው 
Ñ d ١ څک حميصيزه‎ are d beer ee LEE ek ren © Vr er 
+ > a CUP TITO v > de Le a o bo ባው ኩነ ከበ) と 
(CH "M m DN AAA rn ee CT aê nen e i) ai 
4 を = 8 Wé? OOO TOT OSTEO OTT UO UOT TOLL CCID a La aaa Sa جوت وھ مھ و‎ 
i bb > we VICARI ONT ROTTA CISANO ACI ikm ema id a e Li e da ön li 
` a * b à لت سا‎ 人 
Let è d å ser A av aa 
w k w à : E © PPU በመጻ ዊም غین مه‎ A No の で ናቸዋ id Vr Se 
U እ も で D YY や rw نا‎ A AAN vol bt. en A Y LA nand a rara 
* ° ” reg bean De "I را و لک د‎ AA را تت‎ ግን ーー と ニャ ーー ジー や er や چو‎ ጃቫ .. . “መዱ. መሙ“ Li a 
ke "wav a hs U hho oom d Se A a A A I TOTI e. < に ara 
ر‎ E 1/9 gg YK で を で 和 AAA AAA EE auido tenia 
z し - ET" TA A p SETE مس‎ ai] አጣው መውት la هې‎ n darte iti enter 
k ` e まう DAR سجن‎ td rr e t oe 
- " LE へ toy や O EK PP UN jod = 
z à هم‎ PT TT SS ESSEN SET EE ETT arr d 
5 " 1.  % ost TU に KE mm kel kemi İk dr یاو‎ İle epi ከከም a 
c T " : SEA 4ھ سا‎ . AAA پا مي‎ 
m wy L = ;% ee DET ^ s. Da Ep COTE w Wik om tp يچک‎ a rar سن د‎ 
J t SES SEY A YA ZO ^ ስ ም e A nanna s — ——— ta 
e 55 CET EE TE AC PZ er y a hec ade es ^de w YA يټنا‎ ido tr rá Le rr n ea. 
e- PEO u APPS A AAA TI a oo dd y و‎ sida peo rr E مور( هو موجه‎ 
4 TARTA A IAN m CUT PER -ዓ በሎት دلا‎ Miara سب‎ ፍው ç ከክብ 
N . i ር i ay "a ZO l h LI PTS NËT UE DEET CETA E UE WP > dr cipit Eat መመ 
ITI. NJ A bad do ome ` DEED ومووب ته‎ ۷-0-۸ a AJ ٠ K A Ma 
LE ፤ - Tw VIER as +~ TE TT Er TT TN ሚማ. 
H እ e 4 " B cs i fre SER AA A TN A 1 
e % ER Da Yi EN TT 1 1 ` 
w ` EA NS EIS. - »مو سه سوه م‎ AAA I a ow WY re Mee) Hwee e 
1 x ማሸ GAIA ore" se quad mano Eri ርዳ FAA un e > こっ rl 
ኣ yn * O ል መዶ met ርጡ. ner andi eg 
L i mw Jå 5 "cS Jd de 0 ~ F =a ETE OP tek ad dd > = > apn 
に D " ን ሚውን ገ ሰጎ ማሚ Pag ba ve መዊ O gr. "arden rela Pe 
7 P = ካሃጢ 8 e n E A ገቸ Dp 8 ቤጫ ሑስ på 六 一- aped — 
E 9 D OR EE k eh u CA bd ا‎ TAL laere NE fe k E , 
i š k Mr e = A A A cdt Ya ーー O gg — 
* CA LI ` - 。 pp KDE چا ها‎ TT NE meyra gi no 
| i L2 لصو را دد‎ RENE يښ‎ ON On ed eee ° ¿Rear 
s m "OPE DCH ya è 人 - 2 > Bebes ሚሚን » co dp tu A mm 
1 H ` * H ps i A TA و‎ vun” pu. ve سي بب‎ ch pentita “ = 
> " å se وو‎ PLL Her rrt" ZA Vou E LOSE مب‎ = ーー ーー 
- * x » ሻማ ww ona wa መ” TC H Si سا سن نه‎ ጫጉ ーー 
y E s X ጭማ E N had c w ST Ta - > ーー 一 
5 dn. LAU CLR VETE ai Ae “ብ > Y. 
^ a^ 1 ۳ x £ b=, اسو‎ lay mę ብ | ee E w PIS 
ean A TESCH KIT e وسو‎ N ግ 
A A) s ec に e 1 ት car ای‎ 
D = 9 i amas يت‎ w H L መመ = 
A لس‎ - [^ ሻሎ u 。 一 - 
je - - vun 1 ፦ ge ti = can0 ۸ 
m im à - "I - ም > ai ya møn me « w 
^ ጠሌ ን E 
1 Dy: 
e LES > på 
E = = 4 
ve 4 - 
E a 
= - "m - - 
> 
s e ነማ 
D = "i TENE 
. sú a e 
እ ን a . ግ e 
" e 
> D å - 4 « 
IK? ጫም E så 
. پا‎ ' ቬት) > ቁት í 7 
ጋዛ ኤሎኤቬፍ "ካካ ee ን > 
3 s - ELE pu 
ዲ z د‎ f 
と 4 x S » al 1 ac cw em 
> T F e I < 
M a - T D Sara ~ 
i * H st 88 ፦ AC > 
š š ^ m Y “a 2 T > 
Li . D ot u pe . d 
« አ n Å ም VA ry — 
Le P 5 > - LI 
á P D - 4 
d Le - t ~ s w 
0 : H f == vi ddr Let Medie 
œ E m s > 2 - 
. på 2, E i? EEE LT - H 
E , = 1 ፦ 
« A EE ዖ に 
N D x a O w 
. e L a Lai m 
A 5 > 7 
Ss ۾‎ 
. wa, 3 y 
” . 
ስ 
H ን 
2 1 E di . “e £ 
, ምን P ና ke a) 
E E a” sf ef J A — 3 E 
+ s . P D A "Per a v D 
på LJ ምን e Po 
° se U 
. Palli sì oe 
N “ 5 ፇ Z "i ፥ 
? - e e : 
k k し に ۶. ه‎ ano 7 VÝ 
" - š " L { 3 Li 
È ` ٧" .. d LL ELE “ "Fr L 
D پر‎ ar SZ es P La ታ å a 
+ መጋ e 4 ې‎ [Eu D A A RAY à 
z Li E H ۰ 2 z iz EZ) PE A ዎቃ - 
D に コ , * e iere İPE ረ - 
« - ' è [LL O mE pa. > " 
N 1 - E sa » ” PT - LL E TE O T., ከር À کے‎ ጃ Fre < 
a P = " D " A D # p L š 3 a. s E E É 
. D se ٠ ٣ ee yr A AR A m d ودې‎ se PER GN ` P ۲ 
” 4 TC És e > سا‎ 0 n fr s لہ‎ A ሆ or 
U « . y E OLE A ALL. UT ምን es vn e , d aa COLI "S P Zi ra er 
"ou i Cd لواو‎ Åra [ ・ «> ዘሁ H PE E < ve 
2 e På سا‎ MAN 1 o LI LE LA: a P. ` rapsi d D to. B > 
^ d Par ኛም رن‎ ያ À wurd f IV oe Y Vi. de å መቹ 
. OE. es Ae E TETAS A e IL Pa elt e Es we. 
ké ES E ps - " D o UE nå A: ARTO za Lo VA Ti. PETI rre Ta 
1 E ` e re > H A ur رچ هم ترس همس د وش‎ E AA Ai > ፍ E. sé Ex 
n REL. ማማ MEG nat fg اه‎ AA ra E Toda dois sud e MA a T P 
s 3 し : ا ا ر‎ ww と AA P «å KZP EE i KARA o rs እጅ ጭን s BS a ታዎ” 
Ë GE o 68... し ር AR '- P on e İpar ^ ir. ef rae 
“i wę te ke Leg AA AE 3 I " sie T c WEGE dc NE OF نيا‎ iw irs Caio e E 
LP y . 6 د‎ © "T ba gie y BAT. هه‎ Mi د‎ ሠ2'» 2 P Mee PME P nas ግ TE PPFRT 
D ችን TP PPP EE PE: TTET د‎ R, TE ンー リオ A ALI ゴゴ o dil وسن‎ à ラテ と FE pr, A 
uU - .. AE Ee LSC, PAE a a A A r e a a E a E oa ER 
፡“ 7 e Le rør væ m TL GE. ACC NATA AAA ada EI PES A AN A A A ná A P dm y PET 
D Z # ان‎ | FREI Sr en wat gee FF . IE då AE Sil rør sy ka. T Mead E ¿porn be? ¿GOA AL BESAS 
z ፡፡ en H dë Se EJ NE ON A s A AN S A SIE beat E ERA ETS AAA と ソン なァ ャ アデ だ デム ンー ケー ば アグ ニー ァ ブ ・ 
e = i LCE +» PETE di ee ep DE LP. ዉጋ ታጋ gielt © pa መ“ mde Proc PEI a 
> " AN ERE OTE E A Td Kr i an. L r rie PF T Py 
D D g ۹ 2 FEE TS ES SN TT EEE ፈታ የገ Kg AEG rn $a E 
Sue a - 7 KEİ CRE CET EI P LEW ZE LAK HA å ALI A kotek ALA LĄ oF 2 ውታ ቃ ቻ-ዘሁመ JD PST ና 
4 = : U + è D .. me CCC” AN ግም መሪ ያኖች AN ብርም ዋም ም ራም "ምምም n 
gd gr DE fg FØDE DEPP F II AR A Tr dd A geg و‎ PATADA bd 
V ። e På øv føra KIT ። ፡- SM ' و بو چوس نو مع ای ده‎ °v FT PM S PL scr" Lu ban ብገ ቻቸ ምጋ ያ oo ې‎ ሚች መ 
Ç H ... < : è e E IE ADAN E 
- : LA SK EK ቃ 594 ën "es ëiëse ca ሸው wPno wy EE RUP PILLE eger > = ちの の ビジ アーデ ティ デー アラ ゴー マン 
e E SE H en E ETS A I) mos م م‎ ANSIA سه خو‎ pi ۷ KI WAA YA AA aa 
aa S è 5 o iye Fee تلع‎ O bar KR LTE İN e T seç ğe mr ie a" ያ” tl که‎ wu. PER, 
«7 è LE KDA ki P uu エコ béo o T K 
ji de bo PT ፄ ወ*9« ወ።ሪ ሖ Gei PERS da A go cal) ታቴ i PET 
7 LU ems. rà RIA, Wo MA ei A ES دص رسد فا‎ se او‎ ሁሙ Le PERES ond 
= ra #.» A KEN OS AAN UE VU Mu oii re a GİR ۸ Pr 
d LL: s し し H ፥መራ”መያ #.ጅ 22 ሠሮሥ ፡ ታ#:፡ሀ‹መምመ« ሙፖሥ. RT ki T pis Pe; の sai Gab PPP qu 
ር d OA AJ LANO TA A OC の dá eg res AR シート アア デー Pr rt 
LET øv its iof: AAA A A I E ET telles KA et DL ieu iet بد ام‎ dp gs 
H .. . . D EE EO LE EE AE MET ME KEN በአዶ or di od Po GP dale ” ፓ!ጮ "gl Kok pre pl 
D “rer fe wx n .. LIL UKU ASELLUS LEZ M TI Su سم ا ا‎ ja 22 ma ቀዋ A 
è A 7 8 #ይ»ዕ» RR. DILECTI E are i P d p መጋ BV 7 
z ti f1-. < —— Er P A AR A TEEN PEN PL د‎ E TS AR AA A ፍት の モー アイ で ンー 
e * » we © o. ቃታ ATI 1 v : د‎ AE o AC è nn AI Te ne, መ p 
. yi DS UI ^os ` C. os: ' E Tierras ina SF RE IRR PE i I GE የ de Z AAA 
ፖ H ار وا‎ 3 TE Tr rr PE E Pa صا موا‎ PE መማ ተ a 
d sa O me sé チア br eg egeo A 
rz s د و‎ « #۴۶۸۵ o een E پس رټ لل‎ ur a ate و‎ PRZ IO ZLECĘ R اوسر اه حا لو ای ای سپ دا‎ Fry YI eer “= 
7 پا‎ ጾ .፤ የ904 "ez .. so ژترنی نس هو‎ ሠሪ A AA መሥ. ላመ LI a መም Mk W n eeen 
eż ንገ ው SITES NETGEN و و‎ ረ A Ci መ se leen deet ብይም RIE ም oj lt g a 
7 va IS, 4፡፡ = アテ å se = KLIENTA A AA AS AS ELIT" の だ コメ みた っ と の パッ P سا‎ adde መ PENAS 
«ON LEE # “op A b PE PP I T W イズ] a. L SK laj 0° たと の どの ジ アデ どど と と デデデ アデ テテ 
ምግ ; ል ያ Yr Å n I コ PAR TT SY A II سه و‎ PPT po CD の ドン at ae 
, d OE Lr 4 7 A HTC CL EAR RENE TM H ED PELE: ምም JET EE ARR TRS RER یمو ني سر وي‎ ۶ 
E] í. F ee KK Weg 3 i +” د سېا رد مسل دس‎ m d y nas fl سه سر سر‎ ምም سم سی د بب‎ の ちせ ロア デデデ で ヘー ニン ンジ アデ デハ ወዎ 
8 ee ve X wh EE CT OE NOTE Tp TOO SIT سو سه سا‎ AA AA لس اه‎ La AE 4 ppi A 
; r d D "F D da 4 D ሠ“,, *፣።'ጮሥመ#ዘ,1 ም ቆ مه سه ولا‎ A AR A 全 T 2 sov بس باي‎ Pew. Panga eg 
e Lë evi EYE diş Pre vE ve EN gk ege PLYT سل نس‎ Le ig EE ኑ 
P Pes P た تر‎ “e CROIENT の OI AA e ም ተ ር e Ze: £ Ze g re Pa 
S i Ç 1 pi» ሦ ሐ." ፣ ደል. L'$Q  . Age. KE Ye DE 1 نه‎ d ሪህ ሪም ሎም መ“ሖም SET ER 
e MPa i) E ም の の の È / BBY ገም Y 
i FE ET ره‎ POCIE Jaka PSU PT P SUKET መ ATA IIA O Pr TE LN E دو دې‎ “ AAA A < 
, es e [ EAT መረ | 
1 : : a” د‎ TFT ルミ クシ さす A A ET A 
4 e é z $ راب پس‎ gg pum ETE LTTE EE TE EE ያ#፡ምጡዎ ።።፡ İd ia no E E iid z a ዛምታ 
r sni 1 KINIA LENNON دص وص ونو‎ Le ke ሙ ፀሮ drikker “ና vem 
P z ሃ'.።ፇቻሆዕ' 4. バド エト اهاب‎ fro pine 
' , s سا‎ sg FE Dt, LES KE] EE ET EE AE ror tk ol odd bl mi i YA se ir 
s. | رر‎ ARR ET KAN A ም መ ውው da e ንው ይ የ en 
L „a ran kod id] WKZ EA Sg, på ETEM EAS KZI stehen d وي‎ A z 
AA tray D TT CET TEEN TET OO EE (TA TNA ip th 
ያ 4 7 # € $ SE سا‎ SEA A RA ያ ደራ * 5T و‎ iin, rr Tir A ee LA Hy E Ce 
፣ u tn av est PI AAA ند‎ BAC ech rm デデデ テー デー テー アー アー 
し n r : (E ee و نو‎ KAŻ ር ዋጅ ሙሬ “ከር. f DT CCE TETE RCE EEE CIE PT) Lé Lë wf EE 
z し L mF goer EE EE VE å OE TATE TN TI م‎ SAA tgp go pA pnt yh uo em ar o FUP uar qua pan aaron ጋ 
» È 1 TI ME SIA FPI m PA A すら ° ーー と し で መሠም.ዎ መቀ መ ሬው” =!-” መወ oe 
$ . 4 LEWE CCA a, OPERAN ld ET T AT od ot 2 My AN Ado AAAA “ያ cd De eege a È Pis 
c ve し GS c ZEH ኤሪ سا له تښ‎ Ho a V "hg A ی ی ا یل‎ ba Må ره‎ » pe; gf de A A TS تس‎ k 
P COR EE PEE REIR RE PT 
7 è 4 é D è KEK. Xİ SL rt, T Léi す た EN 4 9 p bei ote puteos 
M e P ARNO PS REI ir OCT OP ENS CT DOS سلتا‎ I cai TO Ti de pear e - ر‎ 
' + SAA A EA AS ATA TS RO RAIN Aim አዎ E ጨረ 
hd 7 ZEE E A EDS AA ARS AR AAA RAS AR LL ーー て መም” Lo Vard d وب‎ me pa ም 
ñ "YT est A IR A A IO tt GE ም ን ን የቀና ብ a PORÁD u pf SAE ሃን መ Fa 
ብ. WA WA LORS AE TAL هه بس‎ LE CPR LOUE SL LS DU CRE ET و‎ ኒ Penes rcd pr LE g 
し k væv し EE スエ お っ チバ k pihi وس‎ I FT krş ri 
i ሄ Ze ያይ dte $ ፀሞ#ሖ E AAA AA AE TA መሚ ያ سل رر نو د یا‎ 
ra pis» : ie WWE TW RE ad موو هدرم‎ CEA TR % لل له اس‎ la 
H N D EX NN. ای‎ ፖሠረርረ#ቃያ L A dd KH OR EC ELE ኤሚ e dE AM 
LEO ELM TEL SIA DAS AS ED on Vire d 
7 sa Ç Bud PP KH ee okay ny ne v Prins vr سا اوا‎ JA アマ イコ 
rs 3 , SETE TE SAETTA ANER Pr» mo. መመመ በጨው PARES tU 
لل‎ tg LOT له ده لب وه سل و‎ TE 年 4 C yi éi i fidi! iaiia a gta g, 
é ና «he PL) LZ TK AE EC AI y PA PM eter a Fi 1ine UP መሪራ ም merda 
KM MR MIR የያ ^ 1 
ያ D ۶ CT AR AE YAMAN KA 1 E i 1 0-4 
e A: p ; ስያ ጠረ ንን ደጀ ጠጀ የተ “ድ ምርያ ይህን ነነ PE MP a ee イン ンズ な 
: s 4 a RK NM ds p de pd gne d up ET EEE PP A AER GA 
b k OE NE AN ARAS TAS AI E LA AT "i erl RE PRA 
File " m. እይ ያታ ሁቃ d ቀ ተቀ ቀ ተር ራያ d ker 2 fmi pi Pride 
sa "IP 4 N d EE OR E AS MA TA AS A INS ANN DJ tr EET 
ያ $5 ER የ b F ECEE TET TY EN Ia? Më e GA. ee Fa ° Pes e Eh ሎም“ Py AS AA K 
# 了 H CC LE CLR PC AS ARAS ey 3 AE AN a 
, : وم‎ N AOS A ARS EIA A Fe gey | provom 
5 r AR A IN LAA AAA TAA. y oet de £ 
` ۳ መ د لو پر‎ A TARO fa ይ የቹ ዮው 
Fi ae HATTE ` Vu Gg Kan 
2 نند‎ D 2 4&4 "R" Seed a : A ታን 
/፣ f i vor & Pi M. . s % Lee ve いす 
otağ WERTE 
EU. LZ ft Miş 
ስ H ያ 5 | 
し á و‎ D 





fr? » de ("MAE oe 9 ° 


- 











Analysis of Chilled Water Free Cooling 
at the 
Perimeter Center Office Park (Atlanta, Georgia) 


Kathleen O'Neill 
submitted to: 


Dr. W.H. Wepfer 
Dr. S.V. Shelton 


1254188 


Ch 
25787 
@ / 





Energy conservation is an important part of any HVAC system design and 
operation today. One of the most common energy conservation measures used in water 
side economizer systems is free cooling. However, it is difficult to evaluate the potential 
for savings of the impact of free cooling without a detailed analysis. In order to better 
understand the potential impact of free cooling operations, data on an existing system 
from a ten year period was compared with the ambient climatic conditions. As will be 
discussed, for all but the hottest summer months, free cooling aceounted for a significant 
percentage of the system's operating hours. By comparing actual weather data with the 
free cooling data, the ambient dry bulb switchover temperature for Atlanta was found. 
This procedure can easily be duplicated for other climates. 

As part of its energy conservation program, the Perimeter Center Office Park in 
Atlanta, Georgia has used free cooling in the HVAC systems of its low-rise(one to two 
story) and mid-rise(three to ten story) buildings. The HVAC system for each group of 
buildings consists of a 150 to 250 ton central chiller with multizone air handlers and 
electric duct heating. The system incorporates a water-side economizer using the cooled 
tower water directly in the chilled water system. In free cooling, the switchover 
temperature 15 [ከር dry or wet bulb temperature at which the system switches from its 
conventional mechanical cooling operation to free cooling. The systems in this analysis 
switch into the free cooling mode on a fixed tower sump water temperature. During the 
periods of free cooling, the water discharged from the cooling tower is circulated directly 
through the chilled water circuits, including the air handling units and tower fans operate 
continuously. 

The critical unknown in the system's switchover to free cooling 1s the ambient dry 
bulb temperature which corresponds to the tower sump water temperature for a given 
month or year. Finding the corresponding ambient dry bulb switchover temperature for 
the systems was the purpose of this analysis. For each of the fifteen building groups in 


Perimeter Center, data on the number of chiller operating hours and the number of 





bypass hours is collected each month. Inputting the data into spreadsheets makes 
calculating the percentage of free cooling for a given month simple. With these 
percentages, a corresponding ambient dry bulb temperature can be found with a simple 
program which compares the percent free cooling with the number of hourly dry bulb 
temperatures which are below a set value. The Perimeter Center is occupied between 
0600 and 1900 daily, so only temperatures during this period were considered. For this 
comparison, the Naval Oceanographic Command Detachment, Asheville, North Carolina 
provided hourly dry-bulb temperature data for Atlanta for the years analyzed. For each 
year. however, the months of June, July and August yielded no significant savings from 
free cooling and were excluded from the final calculations of the average switchover 
temperature and average percentage free cooling for each class of buildings. In Atlanta, 
the data showed that the seasonal transitional months of May and September did yield 
significant percentages of free cooling and were included. 

There are two important which resulted from this analysis. One, that the system 
operates in the free cooling mode a significant percentage of the time, excluding Atlanta's 
hottest months of June, July and August. The midrise buildings on average operated in 
the free cooling mode 38 percent of the operating hours for all months exclusive of June, 
July and August, yielding an ambient dry-bulb switchover temperature of 56 OF. If the 
seasonal transitional months of May and September are excluded, the midrise buildings 
operated in the free cooling mode 49 percent of the time. The low rise structures 
averaged free cooling for 49.5 percent of the time, yielding a dry bulb switchover 
temperature of 619F. From this analysis, a strong case is made for the potential savings 
using free cooling in a moderate climate like Atlanta's. However, this analysis could 


easily be duplicated to yield similar results for different climates. 





APPENDIX A 


Graph I Monthly Percent Free Cooling (Low-rises, 1982) 

Graph II Calculated Free Cooling Switchover Temperature (Low-rises, 1982) 

Graph HI Monthly Percent Free Cooling (Low-rises, 1984) 

Graph IV Calculated Free Cooling Switchover Temperature (Low-rises, 1984) 

Graph V Monthly Percent Free Cooling (Low-rises, 1986) 

Graph VI Calculated Free Cooling Switchover Temperature (Low-rises, 1986) 

Graph VII Monthly Percent Free Cooling (Low-rises, 1988) 

Graph VIII Calculated Free Cooling Switchover Temperature (Low-rises, 1988) 

Graph IX Monthly Percent Free Cooling (Mid-rises, 1982) 

Graph X Calculated Free Cooling Switchover Temperature (Mid-rises, 1982) 

Graph XI Monthly Percent Free Cooling (Mid-rises, 1984) 

Graph XII Calculated Free Cooling Switchover Temperature (Mid-rises, 1984) 

Graph XIII Monthly Percent Free Cooling (Mid-rises, 1986) 

Graph XIV Calculated Free Cooling Switchover Temperature (Mid-rises, 1986) 

Graph XV Monthly Percent Free Cooling (Mid-rises, 1988) 

Graph XVI Calculated Free Cooling Switchover Temperature (Mid-rises, 1988) 

Graph XVII Monthly Average Percent Free Cooling, Lowrises (Summary, All Years) 

Graph XVIII Calculated Free Cooling Switchover Temperature for Lowrise Buildings 
(Summary, All Years) 

Graph XIX Monthly Average Percent Free Cooling, Midrises (Summary, All Years) 

Graph XX Calculated Free Cooling Switchover Temperature for Midrise Buildings 
(Summary, All Years) 
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TABLE I 1982 Summary 
TABLE II 1984 Summary 
TABLE IH 1986 Summary 
TABLE IV 1988 Summary 
TABLE V Program TSET.BAS 
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TABLE I 1982 SUMMARY 











Jan-82 -Tmin=-5 | Tmax=71 | | 
Building No. Chiller By-Pass, Total | % By-Pass Tset 
20/26 24 100 124 80.65% 6 
28/32 96 | 177 
41 28 | 130 158 | 82.28% | 58 
47 2 58 178 | 85.96% | 62 
53 102 82 | 184 44.57% | 40. 
56 | 27 | 144 171 84.2196 | 59 

| | 63.85% 

51.22% | 
211 24 | 141 | 165 | 85.45% | 61 
219 Si) 14] | 12 81.98% | 57 
223 . 30 126 |- 156 80.77% | 56 


245 . 33 | 140 | 173 | 80.92% | 56 
| | 














Building No. Chilleri By-Pass % By-Pass | Tset 





















__ 20/26 | 32 | 126 | 158 | 79.75% | 58 
28/32 152 | 119 | 271 43.91% | 7 
41 — | 39 | 136 
53 | 92 | 160 2 63.49% | 53 

200 
60/62 43 150 3 77.72% | 57 
70/76 | 6 | 168 174 
211 188 88 | 276 31.88% | 43 

59.58% | 51 

| 47 | | 247 | 


Building No. Chiller By-Pass! Total | % By-Pass | Tset 


20/26 | 72 | 130 | 202 | 64.36% | 65 
41 105 105 | 210 | 50.00% | 60 


56 _126 91 217 41.94% 57 
60/62 103 44 | 147 | 29.93% 53 





223 | 198 | 67 265 25.28% 51 


245 | 181 | 61 | 242 | 25.21% | 51 








TABLE I 1982 SUMMARY 


| Tmin=29 | Tmax=78 














| 














Apr-82 — | ብ 
Building No. Chiller By-Pass」 Total  %By-Pass Tset 
20/20 99 112 | 211 | 53.08% | 63 
28/32 161 201 362 | 55.52% | 54 
41 | 142 ۴6 208 31.7396 | 57 
47 | 141 | 66 | 207 | 31.88% | 57 
53 158 | 110 | 268 | 41.04% 60 
56 145 | 90 | 235 | 38.30% | 59 
60/62 131 94 225 | 41.78% | 60 
64 | 231 | 70 | 301 | 23.26% | 55 
70/76 99 79 178 | 4438% 61 
211. 166 60 , 226 26.55% | 56 
219 | 144 117 | 261 | 44.83% | 61 
223. | 200 50 | 250 | 20.00% | 52 
245 191 66 7 25.68% 56 
Building No. Chiller By-Pass Total % By-Pass | Tset 
20/26 | 178 17 | 195 | 8.72% | 64 
41 218 | 11 229 480% | 63 
47 224 | 12 236 | 508% | 63 
53 259 18 277 | 6.50% | 63 
56 | 207 | 14 221 | 633% | 63 


60/62 — 249 10 259 | 3.86% 61 
64 384 | 15 399 | 3.76% 61 
70/76 185 9 194 4.64% 63 
| 63 


211 


219 264 13 277 | 469% | 63 
223 | 249 5 254 | 1.97% | 58 
258 0 | 


245 





Jun-82 


226 12 





238 


] 
1 
1 
| 









|». 5.04% 


0.00% 


Building No. | Chiller, By-Pass | Total % By-Pass | Tset 


8፦ | 
20/26 2፡1 AS 244 | 533% 69 
28/32. | 655 655 | 





| | Tminz58 








290 


| 





 Tmax=92 












3.79% 


| 68 
4.35% | 


47 286 | 13 | 299 | 4 68 

266 | 13 279 | 466% 68 
64 650 | 05 | 650.5 | 0.08% | 59 
7076 | 234 | 18 252 | 7.14% | 69 
211 | 295 | 13 308 | 422% 8 
219 | 390 | 7 397 1.76% | 66 
223 | 299. . 299 | 0.00% 














TABLE I 1982 SUMMARY 


Jul-82 | . Imin267 Tmax=93 | | 
Building No. Chiller By-Pass Total |% By-Pass Tset 

20/26 | 241.9. 11.4 | 2533 | 4.50% | 71 

28/32 2516 0 | 261.66 | 0.00% 7 


56 3169 154 | 8823 | 463% | 71 
60/62 230 8.8 | 238.8 3.69% | 71 
64 | 702.4 0.5 | 

70/76 253.4 12.5 
211 2855 11.9 
219 3172 45 321.7 1.40% | 


223 300.4 ዐ | 300.4 | 0.00% | 






































ረ45 329.6. 0 | 829.6 | 0.00% | 


| Tmin265 | Tmax=92 | | 





Building No. Chiller By-Pass! Total % By-Pass | Tset 


20/26 | 250 | 15 | 265 | 566% | 70 
6 





28/32 ١ 273 ا‎ 9 282 | 3.19% 8 
| 234 | 6 | ; | 68 





577 
70/76 |" 2502 20 | 272 | 7.35% | 70 
211 — 294 (eme 30/07 (| 443% 169 


Si i OS | 
223 | 296 : . 296 | 0.00% 
245 | 270 1. | 271 | 027% | 66 










20/26. | 226 | 12.74% | 64 
28/32 | 333 6.46% | 61 











41 | | | | 

56 | 255 38 | 293 | 12.97% | 64 
| 37 | 

64 | 444 | 24 | 468 | 513% 60 





/0/76 


219 216 3 a | 220 | 1.82% | 55 


223 | 284 D | 286 | 0.70% | 


245 | 305 | 303 | 0.00% | 








TABLE I 1982 SUMMARY 


. 1ጠ|በ=39 | Tmax=83 | 


% By-Pass Tset 











Oct-82 | 
Building No. Chiller By-Pass 
20/26 147 101 | 
28/32 | 206 87 | 
41 | 189 | 53 
47 | 202 | 32 | 
53 | 313 | 107 | 
56 223 | 44 
60/62 170 64 
64 334 177 
70/76 | 126. > | 
211 230 | 
219 255 E | 


20/26 


170 





28/32 


o 








= E 
149 

165 © 
102 144 
131 140 


Total 
248 | 40.73% | 64 
293 29.69% 61 
242 | 21.90% | 58 
234 13.68% | 54 
420 | 25.48% | 59 
267 16.48% | 55 
234 | 27.35% | 60 
511 | 3464% | 63 
= | 42.73% | E 
| 12.88% 
ር 33.77% 


34.84% | = 


219 | 77.63% | 65 





| 218 la ME 





64.53% | 60 
x 37.13% | 52 
= 52.45% 

58.54% | 58 
E 51.66% | 55 





20/26 42 169 211 80.09% 








ak 
211 
219 
223 
245 


证 T 





105 216 
84 113 
89 148 


74.41% | E 


255 65. 88% 

128 74.22% E 
256 55.08% 54 
321 67.29% 59 
197 | 57.36% | 55 
237 62.45% 57 





TABLE Il 1984 SUMMARY 










Jan-84 . : - ]ከ|በ=15 1ጠኋጸ=64 


š En, —— 一 
Building No. Chiller r By-Pass Total % _ % By-Pass |Tset 












20/26 28 | 130 158 | 82.28% | 51 
di ብር a 56. 28% | 45 
97 | 147 + | 60.2596 | 45 
7 = 62 162 224 | 72.32% | 48 
se | 9 280 289 | 96.89% | 60 
28 290 | 318 | 91.19% = 

15 127 127 100.00% 











195 84. 05% 
GE — | 
= > 111 84. 68% 


-Tmin= | Tmax= | 
Total MS By Fass, Tot 











20/26 | 17 169 186 90.86% 
a | 85 157 242 64. 88% 
S 169 259 65.25% = 
162 219 73.97% 
| 64. 91% 
| 161 | 100.00% 
211 113 129 242 53.31% 51 
219 51 209 80.38% 
= 12 128 = 49.81% 


141 | 228 | 61.84% 





20/26 | 70 | 139 66.51% 
28/32 79 | 206 | 72.28% 








211 > 120 | 256 46.88% 
2 137 | 160 | 297 53.87% y 
| 188 | 195 | 333 | 58.56% 


CS 154 108 262 41.22% i 





TABLE 11 1984 SUMMARY 


| | 





— Apr-84 — Tmin-38 Tmax-84 。 © | 
Building No.Chiller By-Pass Total % By-Pass Tset 
20/26 127 69 196 35.20% | 56 

47 272 32 304 10.53% | 49 

S | 1661] 86 | 252 34.13% | 56 


488 51.02% | 62 


387 33.07% | 56 
207 17.18% | 69 





211 - 205. . 35 240 1458% 50 
219 [1209 33 250 13.20% 50 
223 167 | 83 250 33.20% 56 


58 21 
301 | 192 41 . 233 17.60% 'ገ 51 


245 260 318 18.24% 


| | Tmin= | Tmax= 
Building No.Chiller By-Pass Total % By-Pass Tset 


20/26 - 206 26 232 11.21% 4 60 
28/32 | 306 94 400 23.50% 65 


56 | 889 | 32 | 421 | 760% 7 
64 | 474 | 107 1 18.42% | 63 














70/76 | 114: 87 | 201 : 43.28% 
211 | 289 | 22 | 311 7.07% | 57 
219 | 280 | 22 | 302 ! 7.28% | 57 
223 | 238 1 40 8 14.39% | 61 
301 264 36 300 12.00% | 61 
Jun-84 Tmin=65| Tmax=93' | 
Building No.Chiller By-Pass: Total % By-Pass|Tset 
20/26 | 232 | 10 | 242 | | 
28/32 | 397 | 19 416 : 4.57% 70 
41 | 253 | 12 265 | 453% |70 






56 429 | 12 441 : 2.72% | 68 
64 | 655! 0 655 0.00% | 
70/76 | 191 15 206 7.28% | 71 
211 | 347 8 355 225% 68 
219 | 229 7 | 336 ! 2.06% | 65 


223 ] 300. 10 | 310 3.23% 68 
x | 376 | | 


302 | 397% | 69 








TABLE 11 1984 SUMMARY 




































Jul-84  ] ጠነክበ=65  ] ጠኋአ=93 - 
Building No.Chiller By-Pass Total % By-Pass Tset 

20/26 274 11 285 68 

28/32 | 648 3 651 0.46% | 66 

41 290. 11 301 3.65% | 68 

47 wi © 274 0.00% | 

E | 343 | 11 = 3.11% r3 

| = > _ 0.50% 
| 0 0.00% 

211 318 2 0.63% de 

219 307 T 29 4.06% 

301 267 > > 4.30% = 
AO AA | 
Building No.Chiller By-Pass| Total |% dy Fass Tse 

20/26 284 | 13 297 70 

28/32 698 0 698 
326 | 36685 

300 12 312 

357 13 370 3.51% | 

412. 340% 0 
| 567 0 567 | 0.00% 

i. 259 13 272 | 4.78% | 70 

211 - 422 T 434 | 2.76% 

> HE | 332 3.92% | 70 

| SE 4.00% z 
13 347 3.75% 
E > 13 | 288 4.51% M 





Chiller 


Sep-84 
Building No 





 Tmin=55| Tmax=90| 


By-Pass| 


Total 


‚% By-Pass 





20/26 | 202. T m - 691% 
28/22. 628 | . 324% 


264 | > + 7.04% 
5 340 16 356 4.49% | 59 


361 152 





513 


TIE 121 31 152 20. 39% 


211 
219 





223 | 268 | 11 
| 


245 


_347 15 
266 11 277 | 397% — 
279 | 3.94% | 59 

256. 10 366 | 2739. | 59 
264 | 417% | 59 








TABLE Il 1984 SUMMARY 





Oct-84 Tmin=44 Tmax=85 
Building No.Chiller By-Pass Total % By-Pass Tset 
20/26 219 28 247 11.34% 63 
28/32 334 29 363 7.99% 62 
47 ) 1 ዌሣ 28 295 | 6.78% 61 
SpE Sú 294 | 12.59% 64 
26 — 294 | 8.84% | 63 
rr 384 9.64% 
2076 ' 161 ' 71 232 30.60% | 68 
211 . 366 24 390 6.15% 67 
219 259 32 Na 29107]. 11.00%“ 63 
245 387 1 394 1.78% 50 
301 . 286 20 . 306 6.54% 61 
5.01 818 1/0690 125” [ጩ 
Nov-84 Tmin=29 Tmax=73 | 


Building No. Chiller By-Pass! Total % By-Pass Tset 


58 | 129 | 187 ! 68.98% | 59 
28/32 44 | 164 | 208 78.85% 63 





41 94 | 131 | 225 | 58.22% | 57 
47 | 130 」 111 | 241 | 46.06% | 53 
53 | 95 141 | 236 59.75% | 57 
56 . 126 180 306 58.82% 57 
64 | 98 230 | 328 70.12% | 60 
70/76 | 10 | 183 | 193 | 948% | 69 
219 | 98 120 218 55.05% | 56 
223 138 86 224 . 38.39% | 49 
245 145 169 314 | 53.82% 56 
301 "120 163 283 57.60% 56 


Dec-84 > Tmin=16 Tmax=73 





Building No.Chiller By-Pass| Total % By-Pass Tset 
20/26 8 58 166 34.94% 53 
28/32 — 63 122 185 65.95% 62 

47 | 116 」 33 | 149 | 22.15% | 48 
53 2135 96 # 231 41.5696 55 
56 14210 3] 1) 275 47.99% 57 
64 | 210 155 363 42.15% らら 
70/76 49 127 | 176 72.16% 64 
211 M 80 25774 3] 18995 RI 52 
219 137 | 100 | 237 | 42.19% | 55 
223 156 | 76 | 232 | 32.76% | 52 
245 . 197 219 . 416 | 52.64% 58 


301 |... 161 69 | 230 30.00% 51 





TABLE II! 1986 SUMMARY 


o Jan-86 , Imin- 7 | Tmax=72 | | 
Building No. >. Chiller Hrs | By-Pass Total % By-Pass Tset 
20/26 | 166 | 89.8% 59 


= 32 


243. 654% x i 
205 221 92.8% | 62 
188. 217 86.6% , 58 
401 | 417 | | 96.2% | 64 
94 | 127 | 74.0% | 54 
0 | 471 | 00% | 
179 | 179 | 100.0% | 
| 208 | 225 | 749% 54 


È z 271 47. 6% E 
287 287 100.0% 


| 
| 
| 








283 | 
EE | 38.294 


241 | 426 | 434% | 52 
64ለ #2 20 1 LOA O | 
70/76 Bi 166 ` 2 | 76.5% | 

219 E 111 43. 2% | A 
223 94 2 41.296 | 51 
245 = 155 343 | 452% | 52 
301 213 | 94 | 307 | 306% | 45 
400 #1 87 198 285 695% 61 








TABLE III 1986 SUMMARY 






Mar-86 Tmin=21| Tmax=83 
Building No. Chiller Hrs By-Pass! Total % By-Pass Tset 












20/26 130 83 | 213 | 390% | 54 
28/32 LOSE | liz ር | ee | 

























41 184 119 303 | 39.3% | 54 
47 | 145 | 92 | 237 | 38.8% : 
53 | 97 154 | 251 | 61.4% 

56 || 139 126 265 | 47.5% > 
64A #1 327 | 185 | 506 366% | 54 
64ለ #2 | 164 | 164 0.0% 

70/76 106 141 247 57.1% 

211 160 90 250 36.0% = 

219 166 123 289 42.6% 

223 172 92 264 348% | = 







245 | 250 | 67 | 317 | 211% | 46 
| | 362 












| 
| | | | 
400 #2 135 | 135 B 0% 
| | Tminz34. Tmaxz92 | 
Total 
230 








‘By-Pass 
















. 311 38.6% 





| x 256 | 242% 
139 124 263 | 47.1% | 67 
267 3 355 24.8% | E 

















21. 5% "n= 
x | 3.1% a 
a —— 













TABLE Ill 1986 SUMMARY 


'Tmin=45| Tmax=89 | 








d | | 260 8.1% 
374 392 | 4.6% 


ù 503 | 2 526 | | 44% 
|. 18 


64A #1 103 121 14.9% 





0.0% 





400 #1 E 26 Ea 1.2% 


400 #2 


Building No. Chiller Hrs By-Pass, Total 





























219 | 328 | B | 361 6.4% 

| x | 41% 

| 0.0% 
| 





| 
64A #2 | 473 ` | 473 | 00% | 
70/76 2070 | a . 258 | 12.0% 
211 324 - | 342 | 53% | 61 
219 297 E 315 57% - 61 
= E : AA 5.3% | 61 


R | E — = 4.5% | 59 


Jun-86 i Tmin=65! Tmax=96 | 





20/26 296 14 | 310 4.5% 70 
28/32 | 240 0 250 4.0% 
41 | 371 | 14 385 3.6% | 69 
i | 314 3 327 40% | o 
m mM NEM ME EM 
64ለ #1 n » = x 8% 
64ል #2 462 462 0.0% 
70/76 262 P 272 3.796 
21] 361 — 376 4.096 


301 328 i 338 3.0% 
40041 | 129 129 0.0% 
400 #2 315 315 | 0.0% 

























62 

















a. 















TABLE III 1986 SUMMARY 


Tmin=65 55, Tmax=102 | 

Building No. Chiller Hrs By: Pass Total % By-Pass Tset 
20/26 Ye | ٢ 
E (| 801 | 40% | 74 
41 | 361 | | 43575 3.1% 13 

47 308 1023203 3.8% | 73 

53 295 | 8 | 303 | 2.6% 73 

56 35 | 6 | 381 | 16% | 72. 

64 | 569 ` | 569 | 00% | 

64ል #..- 231 | 3 . 234 13% | /1 
64A #2 663 663 0.0% | 


m 














'Tmin=56! Tmax=93 
Building No. Chiller Hrs By-Pass Total 96 By-Pass 
361 | 14 | 375 | 37% | 62 
299 | 13 312 4.2% 
41 477 | 15 | 492 3.0% | 61 
47 282 6 > 41% | 63 
ሠ om ug 


211 ብ ; S E i 0% 
219 15 0 4.5% 63 

| | 5.4% 67 
0.0% 











215 #2 238 | 2388 | 00% | | 
O 24. | | 











TABLE Ill 1986 SUMMARY 
































Sep-86 Tmin=58| Tmax=93 > 


Building No. Chiller Hrs By-Pass Total 
20/26 296 | 23 | 319 | 72% 
28/32 | 264 | 12 | 276 | 4.3% 








% By-Pass Tset 
| 65 







64 


47 | 271 | 10 | 281 | 36% | 63 
53 261 4 265 1.5% | 62 
56 | 304 | 12 316 | 3.8% 
64 |. 428 12 440 | 27% | 63 
64A #1 482 0 482 0.0% | 
64ል #2 288 | 0 238 0.0% 
70/76 242 8 | 250 3.2% | 63 
211 350 15 365 41% | 64 
219 289 | 10 ووه‎ 3.3% | 63 
223 254 | 13 | 267 49% | 64 
North Terr £2. 344 | 344 0.0% 
BEE -5- T 
Building No. Chiller Hrs By-Pass! Total  % By-Pass|Tset 
20/26 242 Ss pl Mu | 66 
28/32 | 216 44 | 260 | 169% | 58 
41 339 | 65 404 16.1% | 57 
284 6.0% | 52 
63 | 242 | 44 286 | 154% | 57 
56 256 299 | 14.4496 
64 . 521 | 108 | 629 | 17.2% | 58 
64ል #1 18 - 98 116 84.5% | 76 
64A #2 540 | 540 0.0% | 
70/76 | 179 | 72 251 28.7% 
211 | 331 13 344 3.8% | 50 
219 | 314 | 17 331 5.1% | 51 
245 | 333 0 333 0.0% | 
301 | 289 | 25 314 8.0% | 54 
North Terr#1| 231 | 39 270 | 14496 
182 39 221 17.6% | 68 
So. Terr. #1 185 | 32 217 147% | 56 





TABLE Ill 1986 SUMMARY 










'Tmin=29| Tmax=82 
Building No. Chiller Hrs By-Pass Total % By-Pass Tset 
20/26 | 106 | 77 183 | 421% | 57 
28/32 | 116 86 | 202 | 42.6% | 57 



















41 164 | 78 | 242 | 322% | 55 

47 150 | 45 | 195 23.1% | 52 

53 117 | 56 173 32.4% | 55 

56 182 | 97 279 | 348% | 55 

64 170 | 100 0 37.0% | 56 

64A #1 170 211 | 381 55.4% | 63 
64A #2 173 | || 173 | 00% | 

89 184 | 484% 59 





211 . 230 ` | | 
219 188 | 30 | 212 | 14.2% | 48 
223 157 | 64 | 221 | 29.0% | 54 
245 | 117 | 64 | 181 35.4% | 56 
301 | 150 90 | 240 37.5% | 56 
North Terr #1 278 94 372 25.3% 53 


































North Terr #2. | | 0 | | 
So. Terr. #1 | 59 | 155 214 | 724% | 67 














Dec-86 ¡Tmin=29| Tmax=70 | | 
Building No. Chiller Hrs By-Pass Total |% By-Pass Tset 
20/26 11 197 | 208 94.7% | 60 
28/32 | 30 | 169 199 | 849% | 55 
41 80 | 186 | 266 69.9% | 51 
47 52 68 | 120 | 56.7% | 48 
53 43 158 201 78.6% | 53 
56 | 47 | 159 | 206 | 772% | 53 
64 | 54 306 | 360 85.0% | 55 
64A #1 | 17 340 | 357 95.2% | 60 
644 $2 | 122 ` i 422 | 00% | 
70/76 0 17717 EN 89.8% 7 
211 |. 132 | 189 321 58.9% | 49 
219 . 100 | 104 | 204 51.0% | 47 
223 71 188 | 259 72.6% | 51 
245 73. 163 236 | 69.1% | 51 
301 62 153 215 
North Terr #1 08. | 209 209.8 99.6% | 70 
North Terr #2| 179.2 | | 1792 








So. Terr. #1 | 87 | 310 318-7 ! 97.3% 64 








TABLE IV 1988 SUMMARY 


Jan-88 | Tmin=20| Tmax=70 ew 
Building No.Chiller Hours By-Pass| Total % By-Pass Tset 
20/26 5 | 105 | 110 | 955% | 63 


28/32 | 10 | 136 | 146 | 93.2% | 61 
41 | 34 | 154 188 | 81.9% | 52 
47 - 16 |. 138 154 | 89.6% 
53 | 4 103 107 96.3% | 2 

26 194 | 220 | 882% | 56 

33 215 | ሪሓ 86.7% | 55 

38 122 160 76.3% | 49 

| 3-3 | 00% 

19 143 | 162 11.7% 

191 | 221 | 86.4% 

167 | 172 | 97.1% 

| 132 158 | 83.5% 

144 | 170 84.7% 

127 181 70.2% | 46 














| Tmin=16 | Tmax=73 p] 
Total |% By-Pass | Tset 
29 | 166 195 85.1% 62 
31 | 130 | 161 | 80799 | 60 
211 [115 | 326 35.3% | 44 
115 | 62 | 177 | 35.0% 44 
92 155 47 62.8% | 52 


82 151 233 64.8% | 53 
70 | 193 263 | 73.4% | 57 
| 281 
31 | | 81 0.0% | 
43 . 180 | 223 | 193% | 36 
84 . 168 | 252 66.7% | 54 
33 . 191 | 224 85.3% | 62 
49 | 177 | 226 | 78.3% | 59 
60 . 146 | 206 | 70.9% | 56 
92 | 149 | 241 | 61.8% | 52 
| | | 

















TABLE IV 1988 SUMMARY 


Mar-88 | | Tminz26| Tmax-79!| | 


Building No.Chiller Hours By-Pass| Total % By-Pass Tset 
















146 245 | 596% | 62 


SS 153 263 58.2% 
45.6% | 57 


41.096 | 55 






























64A#1 8 232 | 460 | 50.4% 
70/76 ۱ 51 | 219 270 | 18.9% | 45 
184 112 3 








219 110 153 58. 2% | + 


| 190 ١ 75 265 28.3% 
= 206 | 80 x 286 x 28.0% | e 
Apr-88 | Tmin=40| Tmax=89| 


20/26 182 | 3 - 220 [173% 157 
28/32 147 221 33.5% 
41 211 317 145% | 57 
























15. 5% 
17.8% 


| ወያ 
| 58 













70/76 2 258 83.7% 






211 * 14.6% 
219 Í E 32.7% 
223 193 E = 23.4% 








269 34 303 | 11.2% 














TABLE IV 1988 SUMMARY 


| Tmin=50! Tmax=90 iem 
Building No.Chiller Hours By-Pass Total % By-Pass Tset 


247 
303 | 17 | 320 | 53% 60 
| | | 246 | 69% | 60 
53 | 224 43 | 267 | 16.1% | 65 
1 3 
1 
12 


| 348 | 9. | 62 
| 9 | . 57 
223 | 303 و نبا‎ | 47% | 59 
ጩ በጠ ፡ ፐፕ 9668 | 
| Tmin=56| Tmax=97" | 
Building No.Chiller Hours By-Pass Total |% By-Pass Tset 


20/26 | 276 13 289 45% | 
2882 | 337 | 12 | 39 | 34% | 
4i | 358 | 12 | 363 | 33% je 











| 248 | 
. 298. | 10 | 968% | 96 
¦ 357 || 368 | 30% | 64 


et 4.0% | 65 
ee SG تت‎ 4257 | 65 











TABLE IV 1988 SUMMARY 









| Tmin=66! Tmax=98 | 
















Jul-88 

















Building No.Chiller Hours By-Pass Total % By-Pass Tset 
| 4.7% | 71 
28/32 256 2071092620 e | ri 
41 333 11 | 344 | 32% | 70 
249 11 | 260 42% | 71 
299 3.7% | 70 
391 3.1% | 70 
| 64 | 558 11 569 19% | 69 | 
64A #1 169 14 183 E 
289 | 9 | 298 97.0% | 96 | 
211 319 10 329 3.0% 
219 308 | 10 | 318 | 31% 
223 273 13 | 286 | 45% 
245 | 0 RECARE: | 
sor Å OG 
| fet T 
Aug-88 Tmin=58| Tmax=95 


Total % By-Pass Tset 
393 28% | 71 





53 334 12 | 346 3.5% 
56 373 | 16 | 389 | 41% | 72 
| 64 | 58966 | 14 | 6100 | 23% | 71. 
64ል #1 435 | 15 | 450 | 33% | 72 
64ለ #2 | 93 93 | 00% 
358 13 | 371 | 35% |72 


223 | 310 | 12 322 3.7% 72 


245 | - 136 0 136 0.0% 
51 | 48 | 3 | 421 | 07% |70 
| | | 











TABLE IV 1988 SUMMARY 


| Sep-88 , Tmin=58|Tmax=90| 
ildi | '% By-Pass | Tset 
347 | 3.7% 
9 
15 
14 3 
15 602 
64A #1 15 


64A #2 496 | 496 0.0% 
70/76 290 | 10 | 300 96.7% 
211 295 | 13 308 4.2% 
219 s9 | 15 | 244 4.4% 
CER oo | > 273 4.4% | 64 
245 3229 | 329 0.0% 
301 301 2 | 303 | 0.7% | 59 


Mr En a. | 
| Oct-88 | Tmin=40/Tmax=79/ | 
Total % By-Pass| Tset 
| 2026 | 69 | 157 | 226 | 695% | 67 
| 2832 | 88 | 146 | 234 | 624% ٩ 
53 57 198 | 255 77.6% | 69 
56 160 146 306 47.7% | 63 
| 64 | 204 | 240 | 444 | 541% | 64. 
64A #1 487 | 14 
64ል #2 0.0% 
211 | 233 48 281 


31 
301 x 230 50 280 17.9% 54 





| 








TABLE IV 1988 SUMMARY 


| Tmin=34| Tmax=75| | 
By-Pass| Total % By-Pass Tset 
214 | 59.8% 60 


| 100 ረ48 | 403% | 56 


ia 242 47.1% | 58 
78.5% | 64 





339 27 366 74% - 45 


64A #2 | 178 178 0.0% | 
70/76 43 | 240 | 283 15.2% 8 


211 218 77 | 295 | 26.1% | 52 


223 108 140 | 248 56.5% 59 
RE e ek 
22 131 | 153 85.6% | 61 

28/32 | 40 128 168 | 76.2% | 59 
108 142 | 250 56.8% | 52 
55 

6 


53 247 253 97.6% | 66 








56 63 207 270 76.7% | 59 
11 211 222 | 50% | 31 
211. | 35 126 | 161 | 78.3% | 59 

0 | 122 | 122 | 100.0% | 


301 | 59 82 | 141 | 582% | 52 
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Analysis of chilled 
water free cooling at 
the Perimeter Center 
Office Park (Atlanta, 
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